SUMMARY Renal biopsy specimens from 11 women with severe pre-eclamptic toxaemia were examined by light and electron microscopy linked with immunofluorescence and immuno-electron microscopy. The part played by the mesangium in causing capillary loop thickening is stressed, and the progress of this 'strangulation' is illustrated. In contrast to the findings of most previous authors, IgM was demonstrated by direct immunofluorescence in all biopsy specimens, and its presence and site within the glomerulus were shown by immuno-electron microscopy in three cases.
The light and electron microscopic features of the renal lesion in toxaemia of pregnancy (pre-eclampsia and eclampsia) have been demonstrated by many authors, and the findings have recently been reviewed by Heptinstall (1974) . Thomson et al. (1972) found similar lesions in both toxaemia and abruptio placentae and suggested that the glomerular lesion in these two groups of patients was the result of the response of the endothelial cells and mesangium to deposited fibrin or its derivatives. This hypothesis was supported by early workers using immunofluorescent techniques, which detected fibrin within endothelial and mesangial cells and along the capillary walls (Vassalli et al., 1963; Morris et al., 1964) .
The possibility of immunological processes being implicated in the pathogenesis of pre-eclampsia on the basis of renal biopsy studies was raised recently by Petrucco et al. (1974) in Adelaide and by ourselves in Bristol (Tribe et al., 1974) . Both renal centres reported the presence of immunoglobulins, especially IgM, within the glomeruli. In view of this new evidence for immunoglobulin deposition and its possible implications concerning the pathogenesis of pre-eclampsia, it seemed important both to verify the presence and localise the site of IgM deposition using the recently developed technique of immuno-electron microscopy (Davies et al., 1977) . We now present the findings in renal biopsies 'Present address: Simpson Memorial Maternity Pavilion, Edinburgh. Received for publication 8 January 1979 undertaken in the early puerperium in 11 patients with pre-eclampsia.
Patients and methods

PATIENTS
During a period of one year we studied 11 pregnant women who developed severe pre-eclamptic toxaemia (PET), defined as a diastolic blood pressure of 90 mmHg or greater accompanied by proteinuria of 0 5 g/24 h or more with or without oedema. Several of the cases had unusual clinical features, which are detailed in (Graham and Karnovsky, 1966) . Fixation in Palade's sucrose was followed by processing to Epon. 1 gm sections were examined by light microscopy and ultrathin sections by electron microscopy without further staining.
Controls
Sections treated with unlabelled antisera were also processed in the same way. Tissue from patients with other renal diseases were treated with the same reagents. The antisera were examined by immunoelectrophoresis.
Results (summarised in Table 2) Renal tissue was available for light microscopy in all 11 cases. Only one glomerulus was found in case 8, but between four and 40 glomeruli were present in all the other specimens. This allowed simple grading of the changes into mild, moderate, severe, and very severe.
LIGHT MICROSCOPICAL CHANGES
The appearances were similar to those described by Sheehan and Lynch (1973) and Heptinstall (1974 Our findings mirrored fairly accurately those found on light microscopy, with three cases graded mild, three cases moderate, four cases severe, and one very severe. The changes agreed broadly with those described by other authors (Heptinstall, 1974) , but our interpretation of the part played by group.bmj.com on August 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from the mesangium in the basement membrane thickening differs from that of other authors and will be described in detail.
In 10 of the biopsy specimens there was good preservation of the epithelial foot processes. In one case (4) there was extensive foot process fusion; interestingly, this patient had the largest protein leak (10 0 g/24 h).
There was variable proliferation of the endothelial cells and a less marked increase in the mesangial cells and matrix.
In the severest cases lipid droplets were found both in the epithelial cell cytoplasm and in the thickened basement membranes.
The basement membranes were variably thickened in all cases but with preservation of some loops of normal calibre in even the most severely diseased glomeruli. The mildest changes (Fig. 3) were focal, irregular expansion of the lamina rara interna by loosely woven fibrillary material. Sometimes the expansion had translucent areas, and small islands of endothelial cytoplasm were isolated in the thickened zone (Fig. 4) . In other cases this zone included probable small lipid droplets.
In cases with moderate changes, it became apparent that the widening of the lamina rara internal was greatest at the mesangial aspect of the loop. It was also evident that mesangial cell cytoplasm was extending around the capillary loops, forming a 'double contour' akin to the process seen in mesangiocapillary (membranoproliferative) glomerulonephritis (Fig. 4) . This ultrastructural change explains the 'tramlining' seen on the silver-stained light microscopical sections (Fig. 2) .
In nearly all cases there were areas in the thickened loops which showed subendothelial electron dense The expanded lamina rara interna shows translucent areas, and mesangial cytoplasm is starting to extend around the capillary loop, leaving islands of isolated endothelial cytoplasm. LC and UA x 10 600. deposits (Fig. 5) . It is of great interest that it is in these areas that IgM was found on immuno-electron microscopy (Figs 8 and 9 ). In the severest cases the capillary lumina were virtually obliterated by mesangial tissue, which has extended completely round the inner walls of the loops, a process often referred to as 'mesangial strangulation'. Figure 6 illustrates our severest case, in which a squashed red blood cell fills the grossly narrowed lumen surrounded by a double contour thickened membrane at least 10 x normal width. No obvious fibrillary fibrin was identified in any of the specimens.
IMMUNOFLUORESCENT FINDINGS
Adequate renal tissue, including two or more glomeruli, was available in all 11 patients for direct immunofluorescent studies, and the results are summarised in Table 2 .
The heavy and extensive staining for IgM was the most striking finding in these specimens. This was basically finely granular in nature although some areas looked linear. The deposition, which was discontinuous, involved all glomeruli but was irregular and spared some segments of the glomerular tufts. It involved the peripheral loops, and there were some foci in mesangial areas. This pattern of IgM deposition is illustrated in Figure 7 . In four cases this was graded + + +, in a further five cases + +, and in only two cases +.
Traces ( ± ) of IgG were found in two cases and traces ( ± ) of small amounts of IgA were found in 687 group.bmj.com on August 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from 1ot,. Fig. 6 Ultrastructure IV. Low-power electron micrograph from the severest case (4). There is now marked narrowing of the capillaries by grossly thickened double-contoured basement membranes. The foot processes are mainly fused. LC and UA x 5000. six cases. In all instances these were segmental and usually confined to the mesangium.
Especial attention was paid to the deposition of fibrin since earlier authors (Vassalli et al., 1963; Thomson et al., 1972) had reported large amounts of fibrin or fibrinogen derivatives in the glomeruli of pre-eclamptic patients. In marked contrast to the findings of these workers, only small amounts of fibrin were detected in 7 of our 11 biopsy specimens. In all cases the fluorescence was segmental and mesangial in site.
Complement (C3) was detected in the glomerular arterioles of four patients and was found only once in the glomeruli.
IMMUNO-ELECTRON MICROSCOPY
All three cases showed deposits of IgM. The deposits were widespread in one case (3) but were more limited in distribution in the other two. The deposits were localised in the subendothelial region but did not fill the entire abnormal areas between endothelial cell and lamina densa (Figs 8 and 9 ). No deposits stained for IgG or IgA or with unlabelled serum. Lipid droplets (extracellular and intracellular) were electron dense in all these control sections as they all had been osmicated.
Discussion
Our findings on light microscopy broadly agree with those of previous authors, with the exception of the 'tramlining' effect seen in the silver-stained sections from the most severe cases. This striking picture, illustrated in Fig. 2 IgM has been demonstrated in advanced glomerular disease of non-immune origin (Berger et al., 1971; Velosa et al., 1976) and also in focal glomerular sclerosis and minimal change glomerulonephritis, where an immune complex origin has not been demonstrated (Prasad et al., 1977; Sherman et al., 1977) . In order to establish whether the IgM is present with an antigen it would be necessary to identify its specificity, but we have not done this. It is, however, possible that the deposits represent the presence of pathological immune complexes resulting from an immunological reaction to trophoblastic antigens. Direct evidence for this does not exist, but it has been reported that circulating immune complexes are more frequent in preeclamptic toxaemia than in normal pregnancies (Thomson et al., 1976; Stirrat et al., 1978) .
An alternative explanation is to postulate that the IgM occurs secondarily to the laying down of fibrin or fibrinogen products in the glomeruli which has been described frequently by other authors. The presence of IgM in this condition is irrefutable, but it does require explanation. It seems likely to prove to be a secondary phenomenon, but it may hold the key to the pathogenesis of the disease.
